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REMARKS 



Claims 16, 17, 19-21 and 30-42 were pending in the application. Claim 16 has been 
amended. Accordingly, after the amendments presented herein have been entered, claims 16, 17, 
19-21 and 30-42 will remain pending in the instant application. No new matter has been added 

Support for the amendments to claim 16 can be found throughout the specification and 
claims as originally filed. 

Cancellation of and/or amendment to the claims should in no way be construed as an 
acquiescence to any of the Examiner's rejections. The cancellation of and/or amendments to the 
claims are being made solely to expedite prosecution of the above-identified appUcation. 
Applicants reserve the option to further prosecute the same or similar claims in the instant or in 
another patent application. 



Applicants gratefully acknowledge the withdrawal of the Examiner's rejection of claims 
16-17,19-22, and 30-34 under 35 U.S.C. §112, first paragraph, and the rejection of claims 16-17, 
19-22, and 30-34 under 35 U.S.C. §112, second paragraph. 

Rejection of Claims 16-17, 19-21 and 30-42 Under 35 U.S.C. §112, First Paragraph 

The Examiner has rejected claims 16-17,19-21, and 30-42 under 35 U.S.C. §112, first 
paragraph, because, according to the Examiner, 



[cjlaims 16-17, 19-21, 30-42 are overly broad since insufficient guidance 
is provided as to which of the myriad of possible nucleic acid sequences 
serve as IgE promoters, and Applicant only discloses an IL-4 inducible 
epsilon promoter of SEQ ID NO: 1 . Since the claims encompass variant 
nucleic acids, it would require undue experimentation to m^e and use the 
claimed invention. See In re Wands, 858 F.2d at 737, 8 USPQ2d at 1404. 



Withdrawal of Rejections 
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The test of enablement is not whether any experimentation is necessary, but 
whether, if experimentation is necessary, it is undue. Applicant is required 
to enable one of skill in the art to make and use the claimed invention, 
while the claims encompass polynucleotides that the specification only 
teaches one skilled in the art to test for functional variants. It would require 
undue experimentation for one of skill in the art to practice the claimed 
method, since the skilled artisan would have to first make the 
polynucleotide variants, but there is no functional limitation set forth for 
the polynucleotide variant. 

Applicants respectfully submit that one of ordinary skill in the art would be able to make 
and use the claimed invention, including the IgE promoter used in the methods of the invention, 
using only routine experimentation. 

As stated by the Examiner, in order for a claimed invention to be enabled, the standard is 
not whether or not experimentation is necessary to practice the claimed invention. Rather, the 
standard is whether or not the experimentation necessary to practice the claimed invention is 
undue (See In re Wands, 858 F.2d at 737). Thus, enablement is not precluded by the necessity 
for some experimentation, and a considerable amount of experimentation is permitted. In re 
Wands, supra. Applicants provide sufficient guidance such that one of ordinary skill in the art 
could practice the methods claimed in claim 16, without undue experimentation. 

One of ordinary skill in the art, armed with the knowledge of one of the ordinarily skilled 
artisan and given the teachings and methods disclosed in Applicants' specification, would be 
able to practice the claimed methods using IL-4 inducible IgE promoters taught in Applicants' 
specification or identifying additional IL-4 inducible IgE promoters, using no more than routine 
experimentation. 

Contrary to the Examiner's assertion, at the time the instant application was filed, it was 
conventional in the art for one of ordinary skill in the art to test IL-4 inducible IgE promoters for 
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function by, for example, assaying for induction of an IL-4 inducible IgE promoter in the 
presence of IL-4 or IL-13. Methods for testing for IL-4 inducible promoter function are also 
described in Applicants' specification. For example, as set forth in Applicants' specification 
"introduction of IL-4 causes the pronounced activation of a particular DNA binding protein that 
then binds to the IL-4 inducible promoter segment and induces transcription" (see page 8, lines 
7-9). Moreover, Applicants' specification states that modulation of an IL-4 promoter may be 
measured by the presence or quantification of transcripts or of translation products, e.g., in the 
presence of IL-4 or IL-13 (see, for example, page 8, lines 3-18). 

Furthermore, the Examiner states that "the specification only teaches one skilled in the art 
to test for functional variants." Applicants respectfully submit that the claimed methods utilize 
only functional IgE promoters. Non-functional IgE promoters are not encompassed in the 
methods of the invention. 

Moreover, at the time the instant application was filed, IL-4 inducible IgE promoters 
were very well-characterized and significant structural information regarding IL-4 inducible IgE 
promoters was known in the art. As evidence of the extensive characterization of these 
promoters. Applicants provide herewith copies of Delphin and Stavnezer (1995) J. Exp. Med 
181:181-192 (attached hereto as Appendix A) and Ezemieks, et al. (1996) Eur J. Biochem. 
240(3):667-73 (attached hereto as Appendix B). For example, Delphin and Stavnezer describe 
IL-4 responsive regions within the germline epsilon promoter which are highly conserved and 
necessary for induction of the promoter by IL-4. Ezemieks, et al. describe a 5 1 base-pair 
fragment of the human IL-4 inducible promoter that confers upregulation of transcription in the 
presence of IL-4 or IL-13. Based on the knowledge available in the art at the time the 
application was filed, including the structural and functional characterization of IL-4 inducible 
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promoters, i.e., the characterization of relevant conserved responsive regions contained within 
the promoters, one of ordinary skill in the art would have been able to make and use these 
promoters. 

Therefore, it is AppHcants' position that, given the guidance in Applicants' specification 
and the characterization of IL-4 inducible IgE promoters in the art at the time of filing, one of 
ordinary skill in the art would be able to make and use the functional IL-4 inducible IgE 
promoters used in the methods of the invention, including those having sequences other than 
SEQ ID N0:1, using no more than routine experimentation. 

However, in an effort to expedite prosecution of the instant application, and in no way 
acquiescing to the Examiner's rejection. Applicants have amended claim 16 to refer to an IL-4 
inducible promoter comprising the sequence set forth as SEQ ID NO: 1 . Accordingly, Applicants 
respectfully request withdrawal of the foregoing rejection. 

Rejection of Claims 16-17, 19-21 and 30-42 Under 35 U.S.C. §112, First Paragraph 

The Examiner has also rejected claims 16-17, 19-21, and 30-42 under 35 U.S.C. 1 12, first 
paragraph, "as containing subject matter which was not described in the specification in such a 
way as to reasonably convey to one skilled in the relevant art that the inventor(s), at the time the 
application was filed, had possession of the claimed invention, for reasons of record set forth in 
paper NO. 10, 9/26, 2002." In particular, the Examiner is of the opinion that 

[t]he claims are directed to methods of screening using a construct 
comprising an IgE promoter, a e heavy chain and a reporter gene, while 
Applicant only discloses an IL-4 inducible epsilon promoter of SEQ ID 
NO: 1. The specification and claim do not indicate what distinguishing 
attributes shared by the members of the genus. The specification and claim 
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do not place any limit on the number of substitutions, deletions, insertions 
and/or additions that may be made to the promoter. Thus, the scope of the 
claim includes numerous structural variants, and the genus is highly variant 
because a significant number of structural differences between genus 
members is permitted. The specification and claim do not provide any 
guidance as to what changes should be made. Structural features that could 
distinguish compounds in the genus from others in the nucleic acid class are 
missing from the disclosure. No common structural attributes identify the 
members of the genus. The general knowledge and level of skill in the art 
do not supplement the omitted description because specific, not general, 
guidance is what is needed. Since the disclosure fails to describe the 
common attributes or characteristics that identify members of the genus, 
and because the genus is highly variant, a nucleic acid with a sequence as 
set forth in SEQ ID NO: 1 is insufficient to describe the genus. 



Applicants respectfully traverse the foregoing rejection. Applicants note that "[a] 
specification may, within the meaning of 35 U.S.C., § 1 12, first paragraph, contain a written 
description of a broadly written claimed invention without describing all species that claim 
encompasses:' Utter v. Hiraga, 845 F.2d 993, 6 USPQ2d 1709 (Fed. Cir. 1988). 

Applicants have described a genus of IL-4 inducible IgE promoters based on their ability 
to be induced by IL-4 and IL-13. Applicants provide description of a sufficient variety of 
exemplary species to reflect the variation within the genus of IL-4 inducible IgE promoters used 
in the methods of the invention. Furthermore, at the time the instant application was filed, IL-4 
inducible IgE promoters were well-characterized in the art, as evidenced by the Delphin and 
Stavnezer reference (Appendix A) and the Ezemieks, et al reference (Appendix B). As set forth 
above, these references describe distinguishing attributes, including structural features, which are 
shared by the members of the genus of IL-4 inducible IgE promoters. For example, Delphin and 
Stavnezer describe IL-4 responsive regions within the germline epsilon promoter which are 
highly conserved and necessary for induction of the promoter by IL-4. Ezemieks, et al describe 
a 5 1 base-pair fragment of the human IL-4 inducible promoter that confers upregulation of 
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transcription in the presence of IL-4 or IL-13. The sequence set forth in Figure 2 A of the 
Delphin and Stavnezer is approximately 75% identical to the sequence set forth in SEQ ID N0:1 
over nucleotides 395-564 of SEQ ID NO: 1 . Therefore, these sequences share a high degree of 
homology over the epsilon conserved sequence described in this reference. 

Applicants' respectfully submit that promoters which are encompassed by the methods of 
the claims are limited to those functional IgE promoters which are capable of being induced by 
IL-4, as described in Applicants' specification, and as set forth above. Therefore, these 
promoters contain distinguishing functional characteristics^ e.g., the ability to induce 
transcription in the presence of IL-4. An example of the sequence of an IL-4 inducible IgE 
promoter is set forth in Applicants' specification. 

Furthermore, the identification or production of variant nucleic acid sequences was well- 
known in the art at the time the application was filed. Testing the variant promoters for the 
ability to be induced by IL-4 was also known to those of skill in the art and is described in 
Applicants' specification. Thus, based on the teachings in Applicant's specification, one of skill 
in the art would conclude that Applicants were in possession of the claimed invention at the time 
of filing. 

The description contained in Applicants' specification coupled with the known 
correlation between function and structure is sufficient to satisfy the requirements of 35 USC 
§1 12 as set forth in the Written Description Guidelines (66 Fed. Reg at 1 106) and by the court in 
Enzo Biochem, Inc. v. Gen-Probe Inc. (296 F.3d 1316 (Fed. Cir. 2002). However, in an effort to 
expedite prosecution of the instant Application, and in no way acquiescing to the Examiner's 
rejection, Applicants have amended claim 16 to refer to an IL-4 inducible promoter comprising 
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the sequence set forth as SEQ ID N0:1. Accordingly, Applicants respectfully request 
withdrawal of the foregoing rejection. 



If a telephone conversation with Applicants' Attorney would expedite prosecution of the 
above-identified application, the Examiner is urged to call the undersigned at (617) 227-7400. 



28 State Street 
Boston, MA 02109 
(617) 227-7400 
(617) 742-4214 

Dated: October 27. 2004 



CONCLUSION 



Respectfully submitted, 



LAHIVE & COCKFIELD, LLP 




Lisa M. DiRocco, Esq. 
Registration No. 5 1 ,6 1 9 
Attorney for Applicants 
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Characterization of an Interleukin 4 (IL*4) Responsive 
Region in the Immunoglobulin Heavy Chain 
Germline 6 Promoter: Regulation by NF-IL-4, a 
C/EBP Family Member and NF-zcB/pSO 

By Sandra Delphin and Janet Stavnezer* 



From the Department of MoUcular Genetics and Miaohiobgy, University of Massachusetts 
Medical School WoKester, MA 01655-0122 



Summary 

A large body of data indicate that antibody class switching is directed by cytokines by inducing 
or repressing transcription from unrearranged, or germline, Ch genes. Interleukin 4 (IL-4) 
induces transcription of the germline Ce genes in activated B cells and subsequently, cells in 
this population vnll undergo switch recombination to immunoglobulin £. Furthermore, the 
data suggest that transcription of germline Ce genes is required for dass switching. In this paper 
we define DNA elements required for induction of transcription of the germline Ce genes by 
IL-4. To do this, segments of DNA firom the 5' flank of the initiation sites for germline c RNA 
were ligated to a ludferase reporter gene and transfected into two mouse B cell lines, one of 
which can be induced to switch to IgE. By analysis of a series of 5' deletion constructs and 
linker-scanning mutations, we demonstrate that a 46-bp segment (residing at -126/ -79 relative 
to the fint RNA initiation site) contains an IL-4 responsive region. By electrophoretic mobility 
shift assays, we find that this segment binds three transcription factors: the recently described 
NF-IL4, one or more memben of the C/EBP fanily of transcription factors, and NF-icB/p50. 
Mutation of any of the bmding sites for these three factors abolishes or reduces IL-4 inducibility 
of the e promoter. A 27 -bp segment within this IL-4 response region containing binding sites 
bi NF-IL4 and a C/EBP factor is sufficient to transfia: IL-4 indudbility to a minimal c-fbs promoter. 



A ntibody dass switching is effected by a DNA recombi- 
AX nation event that results in the substitution of one Ig 
heavy chain constant region (Cn) gene for another, thus 
changing the Ch region and thereby the effector fimction of 
the antibody, but keeping the antigen binding spedfidty un- 
changed. The spedfidty of dass switching is regulated by 
cytokines that direct switching fay inducing or repressmg tran- 
scription from unrearranged or germline Ch genes before 
switch recombination to the same Ch gene (1-7). For ex- 
ample, a large body of data indicate that IL-4 induces tran- 
scription of the germline Ce gene in B cells activated by poly- 
clonal activators, e.g., LPS, EBV infection or anti-CD40 
antibody, and that subsequently cells in this population will 
undergo switch recombination to the Cc gene, thereby al- 
lowing expression of IgE (7-11). Furthermore, it has recently 
been shown that if a DNA segment which contains the pro- 
moter and first exon (I, or germline exon) of the germline 
transcript is ddeted, switching does not occur on that chro- 
mosome (5, 6, 12). Although the sequences necessary and 
suffident for switching have not been defined, these gene 
knockout experiments indicate that transcription of germ- 
line transcripts is probably necessary for switching. There- 
fore, it is important to understand how transcription of un- 
rearranged Ch genes is regulated. 



A map of the mouse germline e DNA segment and tran- 
script is shown (see Fig. 1 A), The DNA sequences which 
regulate transcription of the mouse and himian germline e 
RNAs are currently bdng studied. Initial characterizations 
of DNA sequences which regulate induction by IL-4 have 
been published (13-15). In this report we characterize an ad- 
ditional IL-4 responsive region (IL-4RR)* in the mouse 
germline e promoter that overlaps with the previously charac- 
terized IL-4RR of the human germline c promoter (14), This 
€ IL-4RR resides within a DNA sequence highly conserved 
between human and mouse and also has elements similar to 
those within an IL-4RR within the promoter for mouse germ- 
line 7I transcripts (16, 17). 

Materials and Methods 

CeU Lines. Iwo mouse 6 lymphoma cell lines were used in 
this study: 22A10, a clone of the slgM^ 1.29^ B cell lymphoma 
line (18. 19) and M12,4,l. an Ig-ncgative, dass 11* , HGPRT- 



i Ahhmnatiom used in this paper CAT, chlonmphenicol acetyl cram^crase; 
DTX dithiothreitol; EMSA. electrophoretic mobility shift assay; IL-4RR. 
IL-4 response region; mt» mutant. 
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deficient variant of M12.4 (20), received from Dr. Paul Rothman 
(Columbia University, New York). 

Cell Culture, 22A10 cells were cultured as described for 1.29^ 
cells (21). M12.4.1 cells were cultured at 37^C in an atmosphere 
of 5% CO2 in RPMI 1640 medium supplemented with 10% PCS 
(Hyclone Laboratories, Logan, UT), 50 fM 2-ME, 0.1 mM nones- 
sential amino adds, 1 mM sodium p/ruvate, 2 mM L-glutamine, 
200 U/ml penicillin, 200 mg/ml streptomycin, and 0.1 mg/ml 
kanamydn sul&te. Cells were treated with murine rIM (a gift from 
Dr. Steven Gillis, Inununex Corp., Seattle, WA and the Sterling 
Research Group, Malvern, PA) at 1,000 U/ml, imless otherwise 
specified. In initial experiments, LPS (055:B5; Sigma Chemical Co., 
St. Louis, MO) dissolved in RPMI, was added at 25 Mg/ml of 
culture. 

Splenic B Cell Cultures, Splenic B cells were purified and cul- 
tured as described (22), except total B cells were used rather than 
only small B cells, and cells were cultured for 12 h with IL4 at 
1,000 U/ml and LPS at 25 /xg/ml, as indicated. 

Isolation of RNA and RNA Blot Analysis. Total cell RNA vt^s 
prepared by the guanidinium isothiocyanate-CsCl method (23) and 
RNA blots were prepared and hybridized as described (21). Quan- 
titation of hybridization was performed by densitometry on a Be- 
tascope 603 blot analyzer (Betagen, ^tham, MA). The Ce probe 
was a 2.1-kb BamHI/HindOI genomic DNA fragment (24). Hy- 
bridization to a GAPDH probe (25) or densitometry of 18S rRN A 
in photos of ethidium bromide-stained agarose gels was used to 
normalize the difference in loading. 

RNase Protection Assay. To determine the initiation site of germ- 
line e RNA, RNase protection assays were performed (26). Total 
cell RNA was p r epared fixmi 22A10 ceUs indxiced with an IIr4-con- 
taining supernatant from X63Ag8-653-IL4 for 48 h (27). The X63 
supernatant was titrated for germline 6 RNA induction and used 
at an optimal dose. The RNase protection probe was transcribed 
from a 512-bp HincII/PstI genomic DNA fi:agment encompassing 
the le exon (28, 29) and cloned in Bluescript KS". The plasmid 
was linearized vdth Hindi and transcribed in vitro with T7 poly- 
merase. 100 fig of total cell RNA was incubated with 250,000 cpm 
of the labeled RNA probe in a 30-/il volume containing 80% for- 
mamide. 40 mM Pipes, pH 6.4, 400 mM NaCl, and 1 mM EOTA 
at 80^C for 10 min, and then hybridized overnight at the indicated 
temperatures. Unhybridized R^A was digested at room tempera- 
ture for 90 min in 10 mM Ins. pH 7.4, 5 mM EOTA, pH 7, 
300 mM NaCi, 2 ^g/ml RNase Tl (Sigma Chemial Ca), and 
40 |ig/ml RNase A (Sigma Chemical Co.). The hybridized RNA 
was recovered and electrophoresed on an 8-M urea sequencing gel 
alongside a DNA sequencing ladder. 

Seqitences of Oligonuckotides, Lowercase letters are nudeotides 
added to create restriction enzyme sites and are not in the 6 pro- 
moter sequence, e promoter oligonudeotides are: A-1 (32 mer): 
5' gatcdrcCCTTAGTCAACTTCCCAAGAACAGA 3'; A-2 (32 
mer): 5' gattfTCTGTTCTTGGGAAGTTGACTAAGGCAG 3'; 
Amtl3-1 (31 mer): 5' gataTCCCCCTCGAGGTTCCCAAGAA- 
CAGA 3'; Amtl3-2 (31 mer): 5' gat<TCTGTTCTTGGGAACCT- 
CGAGGGGCAG 3'; Amt20-1 (32 mer): 5' gataaPGCCTIAGTC- 
AACTTCCCCCTCGAGGA 3'; Amt20-2 (32 mer): 5' gatcTC- 
CTCGAGGGGGAAGTTGACTAAGGCAG 3'; B-1 (19 mer): 5' 
gatccAAGGGAACTTCCAA 3'; B-2 (19 mer): 5' gatdTTGGAAGT- 
TCCCTTG 3'; Bmt27-1 (19 mer): 5' gatccAAGGGCCTCGAGGA 
3'; Bmt27-2 (19 mer): 5' gatdTCCTCGAGGCCCTTG 3'; C-1 (16 
mer): 5' gatcCCCAAGAACAGA 3'; C-2 (16 mer): 5' gatcTCTGT- 
TCTTGGG 3'; D-1 (19 mer): 5' gatoTTCCCAAGAACAGA 3'; 
D-2 (19 mer): 5' gatdTCTGTTCTTGGGAAG 3'; E-l (18 mer): 



5' gatCCTTAGTCAACTTCA 3'; E-2 (18 mer): 5' gataGAAGTT- 
GACT^G 3'; 5'e ( - 788/- 733) (28 mer): 5'ttagatctGACCTGC- 
AGCTGAGACAGAC 3'; and 3'€ (+33/+ 53) (28 mer): 5' ttagat- 
ctTGTGCAGGCTCCCAGGCGTT 3'. Non € promoter oligo- 
nudeotides are: NF/cBl (27 mer): 5' CAACGGCAGGGGAAT- 
TCCCCTCTCCTT 3'; NKjcB2 (27 mer): 5' AAGGAGAGGG- 
GAAnCCCCTGCCGTTG 3'; Luc (+ 79/+96) primer (18 mer): 
S'GGCCCGGCGCCATTCTAT 3' (30); Fos (-25/-8) primer (18 
mer): 5'GGCGCCTCAGCTGGCGCC 3' (31); and pXP2 poly- 
hnker primer (17 mer): 5' AGATCCAAGCTTGTCGA 3'. Oligo- 
nucleorides were obtained firom the University of Massachusetts 
Medical School nucleic add fiunlity, Operon Technologies Inc. 
(Alameda, CA), or DNA International (Woodlands, TX). 

€ Promter-Ludfonse Plasmids, To create the 5' deletion construas 
of the germline 6 promoter, a series of fragments containing var- 
ious lengths of the promoter segment were ligated into the plasmid 
pXP2, which has a polylinker but not a promoter upstream of the 
luciferase (Luc) reporter gene (32). The 3' border of these promoter 
fragments was created by PCR amplificadon of genomic e DNA, 
using the primers, 3'6 (+337+53 reladve to the first start site) and 
5' e (-788/-773). Nucleotide +53 is within the U cxon and is 
located 5' to the potential protein synthesis initiation codon at +65. 
The 5' bordcn were created by restriction enzyme digestion at 
BamHI (1.8-kb promoter) or Bglll (1.2-kb promoter), cloned into 
the Bglll site of pXP2, or by digestion with BstXI (640-bp pro- 
moter), Hindi (115-bp promoter), or AvtII (15-bp promoter), and 
cloned into pXP2 digested with Smal and BgUI. BstXI digestion 
followed by Bal31 digestion created additional smaller promoters 
that were cloned into pXP2 digested with Smal and Bglll. The 
nucleotide sequences of all plasmids having 640 bp or less of the 
promoter were verified by sequencing from the 5' direction using 
a primer complementary to the polylinker of pXP2 (pXP2 primer) 
and also from the 3' direction, using the Luc primer, extending 
as hi as possible. 

Linker-scanning Mutations. 8-bp Xho linker substitutions were 
introduced into the full-length promoter-ludferase reporter con- 
struct, -162Luc, by using Bal31 to generate a nested set of 5' and 
3' deletion mutants, boimded by Xhol linker. The deletion end 
points were determined by nucleotide sequendng. 5' and 3' dele- 
tion clones with matching end points were chosen as best as pos- 
sible to attempt to preserve the length of the wild-type promoter. 
Ligadon of a BamHI (in polyIinker)/XhoI fragment from a 3' de- 
ledon clone into a 5' ddedon plasmid digested with BamHI and 
Xho! resulted in the regeneradon of an approximately full-length 
promoter (in most cases) containing an 8-bp Xhol linker subsdtu- 
tion. All constructs were sequenced across the sites of mutation 
using the pXP2 or Luc primers. 

pFL Reporter Plasmids, Plasmid pFL contains the mouse c-Fos 
71-bp promoter segment from p&sCAT (33) (given by M. Lenardo, 
National Institutes of Health, Bediesda, MD) ligated 5' to the lud- 
ferase gene (34). Double-strand oligonucleotides containing BamHI 
sticky ends at the 5' end and BgUI sticky ends at the 3' end were 
phosphorylated with 7-[^*P]An* with T4 polynucleotide kinase 
at 1 U//il (Boehringer Mannheim, Indianapolis, IN), 2% wt/vol 
PEG 8000, 75 ng//ii BSA, and 1 mM ATP at 37*>C for 30 min. 
The phosphorated oHgonudeoddes wexe multimerized and ligated 
into the BamHI site of plasmid pFL. Recombinant clones were 
screened by PCR amplification using the same e oligonucleoddes 
as primers individually in combination with a primer complemen- 
tary to the c-Fos promoter. PCR products obtained using the top 
strand oligonudeoddes indicated that the insert was in the correct 
orientadon whereas PCR products obtained using the bottom strand 
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oligonucleotides indicated that the insert was in revene orienta- 
tion. Insert-containing clones were sequenced using the Fos primer 
to confirm the number of multimers, their orientations, and the 
fideUty of the BamHI and Bglll restriction sites. 

DNA Sequencing. Nucleotide sequences of CsCl-purified or of 
mini-preparations of plasmids were determined by the dideaxy chain 
termination method using Sequenase Version 2 kits (United States 
Biochemical Corp., Cleveland, OH). 

Thmsjectbn. Iransfection was performed by electroporation 
using Cell ZapII (Anderson Electronics, Brookline, MA). Briefly, 
RPMI 1640 was used to wash and resuspend an appropriate number 
of cells. 50 X 10^ cells was the maximum transfected in 1 ml. In 
the experiments involving transfection of the 5' deletion constructs 
and the linker-scanning mutadons, the internal control plasmid 
pSV2CAr (35) was added to the resuspended cells, mixed well, 
and 0.9 ml of the cell mixture was pipetted into sterile cuvettes. 
CsCl-purified plasmid DNAs were added in a volume of 100 ^1 
to the cuvettes. The cells were electroporated at 1250 /iF/300 V, 
rested at room temperature for 10 min, and pipetted into complete 
medium at ^^^0.25 x 10^ cells/ml. After addidon of inducers, cells 
were incubated for 8-18 h and then assayed for luciferase or chlor- 
amphenicol acetyl transferase (CAT) acdvity. 

Ludfcmse Assays, Luciforase assays were performed as described 
(36). CeUs were washed in PBS, transferred to Eppendorf tubes, 
and lysed in 200 ^1 '^ton X-lOO lysis buffer (1% Triton X-100, 
25 mM glycylglydne, pH 7.8 [Sigma Chemical Co.]), 15 mM 
MgS04, 4 mM EGTA, and 1 mM dithiothreitol [DTT]) at room 
temperature. The reaction mixture contained 100 ^1 ceD lysate, 
350 /il luciferase assay buflfer (25 mM glycylglycine, pH 7.8, 
15 mM MgS04. 4 mM EGTA, 15 mM KH2PO4, 2 mM ATP, and 
1.27 mM DTT), and 100 ;d of 1 mM ludferin (Analytical Lumines- 
cence Laboratory, San Diego, CA) dissolved in distilled H2O. The 
level of luciferase acdvity was determined with a MonoBght 2010 
luminometer (Analytical Luminescence Laboratory) using plasmid 
pSV2Luc (34) as positive control. The values obtained feom mock 
transfected or lysis buffer control were subtracted as background. 

CAT Assays. The activity of cotransfected pSV2CAr was as- 
sayed to control for transfection e&dency by the diffusion-based 
assay (37). 50 /tl of cell lysates was heated at 70**C for 10 min be- 
fore mixing with 200 fd of 120 mM Iris, pH 7.6, 1 mM chloram- 
phenicol (Sigma Chemical Co.), and 0.1 fiCi [H^]-acetyl CoA 
(200 ma/nunol) (DuPont MEN Research Products. Wihnington. 
D£). The reaction mixture was added to a scintillation vial and 
5 ml of Econofluor (DuPont NEN Research "Products) was over- 
laid. The acetylated chloramphenicol was measured at the end of 
a 3-h incubation at 37**C. 

Oligonucleotide Probes for Etectrophoretic Mobility Shift Assay 
Double-stranded oligonucleotides were generated by annealing a 
complementary pair of oligonucleotides. The reaction mixture con- 
tained 100 ng/ fd of each oHgonucleotide in 100 mM NaCl, 10 mM 
THs-HCI. pH 8, and 1 mM EDIA. The DNA was incubated at 
95 °C for 10 min to disrupt secondary structures and incubated at 
lO^C below the melting temperature for 1 h and then slowly cooled 
to room temperature to anneal. The aimealed oligonucleotides were 
ethanol precipitated and purified on a 12% polyacrylamide gel. 
Double-stranded oligonucleotides were 3' endlabeled with Klenow 
enzyme and ap^]dCTP (3,000 Ci/mmol) to 5 x 10^ cpm/^g, 
and gel purified as above. 

Preparation of Nuclear Extracts. For small scale preparations, the 
method of Schreiber et al. (38) and for large scale preparations that 
of Dignam et al. (39), as modified by Boothby et al. (40) were 
used. Several protease inhibitors were added to all solutions just 



before use: 0.5 mM DnTT, 0.5 mM PMSF, aprotinin (2 /ig/ml), 
chymostatin (25 ^g/ml), and leupeptin (10 ^g/ml) (Boehringer 
Mannheim). Protein concentration was determined using the Brad- 
ford assay (Bio-Rad Laboratories, Richmond, CA). 

Electrophcretic MobiUty Shift Assay DNA binding reactions were 
performed in 20-/il reaction volumes containing 0.1 ng (30,000 
cpm) labeled DNA probe, 2-5 fig nuclear extracts, 2-4 ^g poly 
(dl-dC) (Pharmacia, Piscataway, NJ), 10% vol/vol glycerol. 50 mM 
KCI, 0.1 mM EDIA, 0.005% NP 40, 1 mM DTT, and 12.5 mM 
Hepes, pH 7.5. The amount of probe, poly (dl-dC), nuclear ex- 
tract, and KCl concentration used was optimized for each frag- 
ment. The reaction mixture was incubated at room temperature 
for 30 min and then loaded onto a 4-6% native polyacrylamide 
gel. All gels were electrophoresed in recirculating 0.5 x TBE buffer 
at 100 V for 2-3 h. Supenhift ocperiments were performed by adding 
1 /il of antiserum in a 20-fi\ binding reaction volume. 

Results 

InJuctiort of Germline e Transcripts in Two Mouse B Cell 
Lines. For these studies, we used two B lymphoma cell lines 
that inducibly express germline € RNA. The 1.29^ mouse 
B lymphoma expresses surfiu:e IgM and can be induced to 
undergo class switching to IgA by treatment with LPS. 
Switching can be increased by treatment with TGF-)3, which 
increases transcription from the xinrearranged Ca genes. 1.29^ 
cells will switch to IgE expression if treated with IL-4 plus 
LPS, although switching to IgE is about 100 times less fre- 
quent than optimal switching to IgA. The maximal frequency 
of cells expressing IgE (both cytoplasmic and surfoce expres- 
sion) at day 5 after induction is ^.1%, but this level can 
increase by day 7 to '^'0.5% (18, and data not shown). I.29/i 
cells synthesize germline € transcripts constitutively, and this 
can be frirther increased 5-20-fold by treatment with IL-4 
(Fig. 1 By left) (2). Addition of LPS does not further increase 
the level of transcripts. The other B cell lymphoma used for 
these studies is M12.4.1, a class IP, sig-negative variant that 
was derived from the M12 B lymphoma (20). M12.4.1 cells 
do not express germline € transcripts constitutivdy, but germ- 
line € transcripts can be induced by treatment with IL-4 plus 
LPS (Rg 1 B, right) (13). Unlike, 1.29^1, IL-4 alone docs 
not induce detectible gennline € transcripts in M12.4.1 cells. 

lb begin to characterize DNA sequences that regulate tran- 
scription of germline e RNA, we verified by a RNase pro- 
tection assay the initiation sites of transcription of gennline 
€ RNA that were previously determined in 18-81A20 cells 
by Rothman et al. (28). RNA from IL-4-treated L29fi cells 
was hybridized with a radioactive RNA probe transcribed 
from a 512-bp HincH/Fstl € genomic DNA fragment, digested 
with RNase, and the products were electrophoresed on a DNA 
sequencing gel. Three protected fragments of 118, 100, and 
90 nucleotides were deteaed, which were not detected when 
the probe was hybridized with yeast RNA (Fig. 1 Q. As- 
suming that the l€ splice donor defined previously by anal- 
ysis of cloned germline € cDNA from 18-81A20 cells is also 
used in I.29;i cells, we identified three transcription start sites 
very near the cluster of initiation sites previously identified 
(28). The fint is located six nucleotides 5' to the most 5^ 
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Figure 1. Structuie of the mouse Ig heavy chain gerxoline e gene and € transcript. (A) Restriction map of unrearranged Cc gene and germline 
€ transcript with location of escons and switch region (56) marked. (B) Blots containing total cdl RNA 1.79(1 {Uft) and M12.4.1 (right) cells 
that had been cultured for 2 d, as indicated, with medium alone, IL4 (2,000 U/ml), LPS (25 ^g/xnl), or with both FL4 and LPS, hybridized with 
C€ probe. (C) Products of an RNase protection experiment using a RNA probe transcribed (torn the 512-bp Hincll/P»tl genomic DNA fragment 
encompassing the hybridized with total cell RNA from 1.29 ft cells induced with X63-IL4 nipernatant at an optimal dose. Hybridization was 
at 42**C {two Uft lanes) or at 40°C [two right lanes). Three RNase resistant bands of the indicated lengths (determined by alignment with a DNA 
sequencing ladder) are detected on the DNA sequencing gel, and the positions of the corresponding RNA initiation sites are indicated on the sequence 
of the promoter-l€-Luc construct in Fig. 2 ^4. We were unable to detect any band corresponding to a start site at -123, relative to our first start 
site, which was detected in L29^ cells by primer extension experiments (53). 



site identified in 18-81A20. The start sites are indicated by 
arrows on the sequence of the promoter in Fig. 2 A, The 
nudeodde positions referred to in this manuscript are all given 
relative to the first RNA initiation site in I.29/i cells. 

Tmmient Tmnsfectum of iMciJmse Reporter Phsmids Containing 
Various Lengths of 5* Flanking Region from the Germline e Seg- 
ment. To identify DNA segments necessary for regulation 
of transcription of germline € RNA, a series of luciferase 
reporter plasmids containing various lengths of the 5' flank 
of the le aeon were prepared, varying from having 1.8 kb 
to only 15 bp of 5' flanking sequences. The € promoter seg- 
ment present in the plasmid named -162Luc is shown in 
Kg. 2 i4. The plasmids were transiently transfiected into I.29/i 
or M12.4.1 cells. Optimum ludfisrase activity was obtained 
when cells were harvested 12 h after transfection. An internal 
control CAT plasmid driven by a SV40 promoter/enhancer 
(pSV2CAr) was used to correct for transfection efficiency 
when comparing the basal activity of difierent plasmids. Max- 
imal basal expression is not affected much by deletion of the 
5' flanking segment to -127 relative to the RNA initiation 
sites, but further deletion reduces basal expression in both 
I.29/i and M12,4.1 cell lines (Fig. 3, A and B: compare 
constructs ~162LUC, ~i27LUC, - 11 JLL/C; and data not 
shown). 

To test whether expression of these promoter-lucifierase 
plasmids could be induced by IL-4, cells were divided after 
transfection into two more more aliquots and treated with 
recombinant mouse IL-4 for various times. Optimal responses 
were obtained with a dose of 240 ng/ml, which is eqmvalent 
to 2.500 U IL-4/ml. and we routinely used 1»000 U/ml. The 
IL-4 indudbility of plasmids with the longest 5^ flanks, having 



1.8 and 1.2 kb of e promoter segment, is two to four times 
less than plasmids having from 640 to 162 bp of 5' flank, 
which are approximatdy equivalently inducible by IL'4: eight- 
fold in 1.29^ and threefold in M12.4.1 cells. Deletion past 
-162 reduces indudbility of the luciferase plasmids in both 
cell lines, and expression of a construct with US nucleotides 
of the € promoter segment cannot be induced by IL-4 (Fig. 
3. C and D; and data not shown). Therefore, the DNA seg- 
ment residing between -162 and the start site of transcrip- 
tion has one or more DNA elements required for IL-4 in- 
dudbility of the e promoter ludferase plasmids. 

Effects of a Series of Linker-scanning Mutations on Expression 
of the Cermline e Promoter Linker-scanning mutations were 
introduced into the - 162/ 53 promoter segment contained 
within the -162Luc reporter plasmid in order to identify 
DNA sequences required for IL*4 indudbility and for basal 
activity of the germline e promoter. The nucleotides affected 
by the mutations, dther because of substitution or deletion, 
are shown in Fig. 2 B. and their positions are indicated to 
the left of each sequence. 

Plasmids bearing the linker-scanning mutations were tran- 
siently transfccted into I.29/t and M12.4.1 cell in order to 
test for their ability to drive luciferase expression. Each con- 
struct was tested at least three times in both cell lines. Fig. 
3 A shows that most of the linker-scanning mutations re- 
duce basal level expression of the promoter relative to that 
obtained with the wild- type -162Luc plasmid when trans- 
fijcted into L29^ cells, although for most mutations, the effect 
is not dramatic. The effects of the mutations differ in M12.4.1 
cells, in that nearly all mutations located 3' to - 87 abolish 
basal expression although mutations located 5' to -92 do 
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Figure 2. (^4) Sequence of 5' flank of germline € RNA and the first 
53 nucleotides of le exon present in the e promoter - 162Luc plasmid. 
This plasmid contains all three transcription start sites detected in 1.29^ 



not (Fig. 3 B). These results suggest there are several DNA 
elements residing between -136 and the start site of tran- 
scription that are necessary for normal levels of basal expres- 
sion of the germline e promoter in both cell lines, as assayed 
in the luciferase plasmid. Consistent with this is the fact that 
the nucleotide sequence between -144 and -14 is highly 
conserved, as it is almost identical to the sequence of the himian 
germline e promoter sequence (14» 41). 

Localization of an IL-4RR untk Linker-scanning Mutations, 
The sequences in the germline € promoter which control in- 
duction by IL-4 appear to be much more localized than those 
required for basal expression, since only four of the linker- 
scanning mutations abolish or markedly reduce IL-4 indue- 
ibiUty in both 1.29^ and M12.4.1 cells, mutant (mt) 13: at 
-120/- 112, mt 20: at -106/- 98. mt 27: at -87/- 79. and 
mt 63: at -65/- 39 (Fig. 3, C and D). 

The sequence of the -126/- 79 segment which contains 
three of the linker-scanning mutations that aboUsh or reduce 
IL-4 inducibility (mts: 13. 20, and 27) is shown in Fig. 4 
A, Interestingly, these three mutations altered potential 
binding sites for three transcription factors. Mt 13 alters a 
consensus binding site for the C/EBP family of transcription 
factors (42-45). Mt 20 alters a consensus clement for a newly 
described IL-4 inducible transcription factor, NF-IL4 or IL- 
4NAF (46, 47). Mt 27 alters a consensus binding site for 
NF-icB (48). This third mutation also abolishes constitutive 
expression. The fourth linker-scanning mutation mt 63 ( - 65/ 
-38) reduces IL-4 inducibility in L29^i cells by only 60% 
and basal expression fay 90%, although it completely abol- 
ishes inducibility and basal expression in M12.4.1 cells. This 
mutation should abolish the binding site for the B cell-specific 
DNA binding protein BSAP, which binds to the germline 
e promoter at -42/- 15 and is required for IL-4 plus LPS 
indudbility of a CAT reporter gene cbiven by the mouse germ- 
line c promoter in M12.4.1 ccUs (13, 15). Note, however, that 
four other mutations covering the region from -55 to -15 
also mutated the BSAP binding site, but have Uttle or no 
effect on induction by IL-4, although they all eliminate basal 
activity in M12.4.1 (but only slightly reduce it in I.29|t cells). 

A DNA Segment Containing Binding Sites for C/EBP and 
NF-IL4 Is Sufficient to Confer IL-4 Inducibility. We vvrished 
to determine whether the DNA sequences shown by the 
linker-scanning mutations to be necessary for IL-4 induction 



cells. The first 53-bp of the \t exon does not have a translation initiation 
ATG codon. Regions indicated above the sequence ace: (Hu 4RE) tegion 
necessary for induction of the human gennUne 6 promoter by IIr4 (14); 
(complex 1 &3)i region that binds nuclear Actors in B cells/B cell lines 
stimulated by IL4 (13); {complex 3) the binding site for BSAP (15, 54) 
and necessary for expression of the germline € promoter-CAT constructs 
after LPS plus IM induction (13, 15). {EPSnX)N CONSERVED S£. 
QUENCE) The segment is highly homologous (>80%) between human 
and mouse sequences. This sequence SStn at two sites from that previ- 
ously reported (28): at +40/+43 we find GGGG instead of GGG and 
at -15/- 19 CCCCC instead of CCCC. (B) Sequences of the -162Luc 
plasmids with linker scanning mutations. Names are given on the left, 
followed by nucleotides that are either substituted or deleted in the var- 
ious mutants. These sequence data are available &om EMBL/Gen- 
Bank/DDBJ under accession number U17387. 
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Linker scanning mutations Linker scanning mutations 

Figure 3. Results of transient tnns£cction experiments of germline £ promoter-luciferase reporter plasmids having 5' deletions: - 162Luc -127Luc, 
and -llSLuc, or -162Liic with the indicated linker scanning mutations. (A) Basal expression in 1.29^. Lucilerase activity is reported in light units 
after subtraction of background (no cell extract) of 250-350 light units. Results are normalized to the activity of pSV2CAT which was cotransfected 
along with the ludfcrase plasmids. Results &om three experiments plus standard deviations of the means are plotteid. (B) Basal expression in M12.4.1, 
as in A. (C) IL4-inducible expression in L29/i. TVans&cted cells from experiments shown in A were split into two aliquots, one of which was treated 
with IL-4 for 12 h. Fold induction indicates the ludfcrase activity in IL-4-treated cells relative to that in untreated cells. (D) IL-4-inducible expression 
in M12.4.U as in C. 



of the germline e promoter are also sufficient to confer IL-4 
inducibility upon a heterologous promoter, lb test this, we 
inserted a series of double-stranded oligonucleotides containing 
wild-type or muuted sequences of the IL-4RR shown in Rg. 
4 A into a ludfcrase reporter plasmid driven by a minimal 
c-fos promoter. Some of the plasmids have mdtiple copies 
of the oligonucleotides in sense and antisense orientations 
(indicated in Fig. 4 B). The plasmids were transiently trans- 
fected into 1.29^ cells, and the cells were stimulated with 



IL-4. Only the wild-type oligonucleotide A, which contains 
both the consensus binding sites for C/EBP and NF-IL4, 
is able to confer IL-4 inducibility upon the c-fos promoter 
(Fig. 4 B). The activity of a plasmid with one copy of the 
A oligo is induced threefold by IL-4, and plasmids with two 
or three copies arc induced about 20-fold. If either the C/EBP 
or the NF-IL4 site is mutated, the plasmid is not inducible 
by IL-4. Therefore, both sequence elements are required for 
IL-4 inducibility, consistent with the linker-scanning anal- 



186 IL-4 Response Region of the Germline Ig e Promoter 



IL-4 Retponte Region 



e/EBP 



NFicB/pSO 



CACTaTOCCTTAOTCAACTTCCCAAQAACAQAATCAAAAOOOAACTTCCAA 



Ml 13 



Mt20 



127 



Awt TQCCTTAQTCAACTTCCCAAQAACAQA 
AmtIS TOC QCCTCaAQS^ TCCCAAaAACAOA 
Amt20 TOCCTTAOTCAACTTCCC gcTCQAQQ- 1 
8wt 
Bmt27 

Cwl CCCAA Q AACA Q A 
Dwt TTCCCAAGAACAOA 
E wt CCTTAOTCAACTTC 



AAOOOAACTTCCAA 
AAOOflRTOAOaft 



B 



Transfer of IL-4 Indudbtllty to pFL In 1.29^ cells 
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Fold induction 

Fignre 4. Nucleotide sequence ofthcIMRR in the mome germ- 
tine € pnnnoter. Three transcription fector binding sites are detected: a 
C/EBP consensus element (-120/- 112). the sequence defined as an NF- 
IM site (-111/- 102), and a NF-JcB/p50 site (-90/-81). Indicated below 
the DN A sequence are the positions of the Hnkcr scanning mutations tested. 
(Hw Ih4 RE) The segment which when muuted disrupts IM responsive- 
ness of human germtine c promoter-CAT constructs (14). Beneath the 
sequence are the wild-type and mutated double stranded oligonucleotides 
that were tested for the ability to transfer Ilr4 indtidbiKty to a minimal 
c-fos promoter and/or to bind to nuclear proteins in an BMSA. The muta- 
tions of the oligos are the same as those present in the linker scanning 
mutations, (fi) Results of transient transfection experiments in I.29/i cells, 
testing the llr4 indudbitity of plasmids in which the indicated oligonucle- 
otides were inserted upstream of the minimal 71-bp c-fos promoter driving 
a hidfierase gene. Ihasfection and induction conditions were as described 
above. (pFL control) The vector control, which is not inducible by IIr4. 
The average and standard deviations of the means of five experiments are 
plotted, lite plasmids tested are indicated by, for example, pFL Awt {tmer) 
which contains one copy of the wild-type A otigonudeoride. {Arrows^ ^t) 
The orientations of the oUgonudeotide(s) in each plasmid. (-162LUC) 
The wild-type germtine 6 promoter ludfetase reporter plasmid. 

ysis, in which it was found that mutation of either of these 
sequence elements eliminates indudbility. The wild-type B 
oligo, which has the consensus kB site, does not transfer IL-4 
indudbility to the c-fos promoter. Results are similar when 
the plasmids are transfected into M12.4.1 cells, although the 
induction by IL-4 is not as great as in 1.29^ cells (data not 
shown). 



Electrophoretic Mobility Shift Assays Demonstmte that the IL- 
4RR Does Indeed Contain Binding Sites for NF-IL4, Ig/EBP-1, 
and NF-KB/p50. To determine if these consensus binding 
sites bind the predicted proteins, a series of electrophoretic 
mobility shift assays (EMSAs) were performed using the double 
stranded oligonucleotides shown in Fig. 4 ^ as probes and/or 
as competitors. When wild-type oligonucleotide A is in- 
cubated with nudear extracts from unstimulated or IL- 
4-treated 1.29^ cells, a low mobility complex is induced by 
IL-4 treatment (Pig. 5 A). Competition experiments dem- 
onstrate that this complex binds to a site that matches the 
consensm sequence for a complex induced by IL-4 (NF-IL4/IL- 
4NAF) in human monocyte and B cell lines (46, 47). This 
complex is competed by wild-type oligo A, by A mt 13, and 
by oligo D, but not by mt 20, which has nucleotide substi- 
tutions in the putative NF-IL4 binding site, or by oligo E 
(Rg. 5 A), OUgo C does not compete (data not shown), 
apparently because it lacks the first T of the binding site, 
which has been shown to be important for binding of NF- 
IL4 (46). A kinetic experiment showed that the IL-4 induc- 
ible complex is detected after 30 min of IL-4 treatment, is 
maximally induced by 4 h, and is maintained for 24 h (data 
not shown). No later time points were examined. The ki- 
netics of induction are slower and more sustained than that 
found for the binding activity in monocytes (47), 

The IL-4 indudble complex is also detected in splenic B 
cells treated with IL-4 alone for 12 h and LPS has no addi- 
tional effect (Fig. 5 Q. Thus, although LPS is required for 
induction of germline e transcripts in splenic B cells, NF-IL4 
can be induced by IL-4 alone, indicating that induction of 
NF-IL4 is not suffident to induce transcription of the en- 
dogenous germline e RNA. 

MT 13 disrupts a consensus sequence for the C/EBP &mily 
of transcription factors. This Euiiily of protdns possesses a 
basic region and leudne zipper, and all members bind the 
same DNA sequence, although not all cells have all &mily 
members. B cells express two members of the bmiy: C/EBPy 
(originally called Ig/£BP-1), which is most abundant in pre- 
B ceUs, and C/EBP)5 (also called NF-IL6, LAP. AGP/EBP, 
CRP-2, or IL6DBP), which is expressed in mature B cell 
lines and in splenic B cells induced with LPS (45). To deter- 
mine if C/EBP family members bind the consensus C/EBP 
site, we tested binding of recombinant mouse Ig/EBP-1 (49). 
Both wild-type oligonucleotide A and mt 20 bind Ig/£BP*1, 
whereas mt 13 does not (Fig. 5 B). Thus, oligonudeotides 
with a wild-type, but not a mutated, consensus site for C/EBP 
bind Ig/EBP. The arrow on the left side of Fig. 5 A indicates 
a complex that might correspond to a C/EBP family member 
present in I.29|t, since it is competed with both oligos A 
and mt20, but not with mt 13 or oligonucleotide D. Fur- 
thermore, this complex is competed by a multimerized C/EBP 
binding site from the Ig fi intron enhancer (data not shown) 
(49). However, it is not competed by oligo E, which indudes 
only the C/EBP site, suggesting that binding may require 
adcUtional nucleotides (Fig. 5 ^4). We demonstrated that the 
puutivc kB site binds a member of the NF-icB/rel family of 
transcription facton by perfiarming EMSAs using oligonu- 
cleotide B as a probe with nudear extracts from untreated 
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Figiuv 5. EMSAs of the IIr4RR within the gerailine £ promoter. Left-most lane in each panel or each set of lanes contains probe alone. (A) EMSA 
of oligonucleotide A (sequence given in Hg. 4 A) incuhated with 5 fig nuclear extracts from I.29ft cells untreated or induced for 12 h with UA (+). 
Competitor oligonucleotides were added at lOQ-fold molar excess. {Arrow) A comploc that appears to be due to binding at the C/EBP site (see text). 
(B) Complexes formed after incubation of recombinant Ig/£BP-l(C/£BP7) (+) with the wild*type A oligonucleotide, with mt 13 or with mt 20. 
{C) Oligonucleotide A incubated with nuclear extracts (2 fig) from splenic B cells {Controt) or splenic B cells treated with Ilr4, LPS» or Ilr4 plus 
LPS for 12 h. (D) EMSAs with oligonucleotide B demonstrate that NF-xB/p50 binds to the wild-type B oHgonudeotide. (Left) Nuclear extracts from 
untreated or IL4-treated I.29fi cells (+) were incubated without or with the indicated oligonucleotides as competitors. kBuz 27-bp oligonucleotide 
containing the k enhancer kB site. {Right) Supershifr ocperiment using three antisera. Antiserum to NF-xB/p50 causes a supershifr, but antisera for 
c-Fos and NF-KB/p65 do not (SanU Cruz Biotechnology, Sanu Cruz, CA). Antisera specific for p50 and p65 from Dr. Nancy Rice (Frederick Cancer 
Center, Frederick, MD) gave identical results (data not shown). 



or lL-4-treated I.29/i cells, competing with a DNA frag- 
ment containing the NF-kB site from the Ig « enhancer (Kg. 
5 D). Specificity of binding was also demonstrated by com- 
petition with wild-type B or with mt 27, which contains 
the mutated kB site. All three complexes formed with oligo 
B can be competed with the wild-type B oligo or with a 



kB binding site, but not with mt 27. In addition, when mt 
27 is labeled and used as a probe it &ils to bind any complex 
(data not shown). The binding is not induced by IL-4. This 
is consistent with the finding that oligo B does not transfer 
IL-4 inducibility to the c-fes promoter, although the kB site 
contributes to the IL-4 response, since the linker-scanning 
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C/EhP NF-IL'4 
A House GL Epsilon -124 TGCC ^TAGTCAACtTTCCCAAGAj^CAG -99 

Human GL Epsllon -168 CGCTG trTGCTCflAT| CGACtrTC CCAAGAJ^ -141 

KF'lL-4 C/EBP 

B Mouse GL Gammal -125 ACf^frTCACAfGM^GTAATbxAAGTC -101 
Human GL Gamma4 1538 GAT jlTCCTA^iGAijGACAATt ^GCGGC 1665 

C Mouse GL Epsllon +2 GGGCA tTGAATTAATl +16 

Mouse GL Ganrnal -8 TGTT dTTAGTCAATl +6 

Figiue 6. Comparison of DNA sequences 5' to the I ooms of 0/4 tespon- 
sive mouse 2nd human germline Ch genes. (A) Alignment of the mouse 
and human germline c promoten to show homology between the C/EBP 
and NF-BL4 sites. (B) Alignment of NF-IL4 and C/EBP sites in the mouse 
germline 7I promoter with sequences upstream of the human 74 switch 
region. The C/EBP site in the 7I promoter has been demonstrated to 
bind C/EBP7 and C/EBP0 in nuclear attracts (17). The positions of the 
nucleotides from the 74 gene are according to the published sequence (41). 
(C) Alignment of the C/EBP consensus sequences located at the start sites 
of transcription of the mouse germline € and 7I RN As. The 7I sequence 
has been shown to bind C/^P7 in nuclear extracts (17). 

mutation at this site reduces the response to IL-4 by three- 
fold in both 1.29^ and M12.4.1 cells. DiflGcrent members of 
the NF-KB/rd &mily differ somewhat in their DNA sequence 
requirements for binding (48). To determine which member 
of this family binds to the putative binding site at - 90/- 81, 
we tested a series of NF-xB antisera for their eSect in EMSAs 
using oligo B as the probe. An antiserum to the p50 homo- 
dimer supershifts the complex, whereas antisera to p65 or 
p50B do not (Fig. 5 D, rights and data not shown). As a 
further control, we show that anti c-Fos antibody does not 
supenhift the complexes. Note that linker-scanning muta- 
tion 39, which mutates -1(X)/-91, has no eflFect on expres- 
sion of the promoter in these assays, suggesting that there 
is no additional transcription factor binding site between the 
sites for NF-IL4 and for NF-KB/p50. 



Discussion 

Rjesults Reported Here Extend Previous Studies of the Regula- 
tion of the Ig Germline € Promoter in Mouse and Human. The 
regulation of the mouse germline € promoter by LPS plus 
lL-4 has been previously analyzed using a CAT reporter 
plasmid transiently transfected into M12.4.1 cells (13). 
Rothman et al. (13) found that a 5' deletion that deleted the 
C/EBP site did not reduce indudbility of their reporter gene, 
whereas we find that mutation of the C/EBP site abolishes 
induction by IL-4 when used in the absence of LPS. Further- 
more, they found that the BSAP binding site is essential (or 
LPS plus IL-4 indudbility in M12.4.1 cells (15), whereas we 
find that four out of five mutations that affect the BSAP 
binding site in the promoter do not reduce IL-4 indudbility 
in either M12.4.1 or 1.29/* cells. Thus, it is possible that in- 
duaion by IL-4 alone may utilize different transcription factor 
binding sites than the combination of IL-4 plus LPS. Our 
findings agree with preliminary results on the IL-4RR of 
the promoter for the human germline e transcripts (14). 



Characterization of an IL-4RR in the Germline € Promoter, 
We have identified three transcription factors that appear to 
regulate basal and IL-4 induction of transcription of the mouse 
germline 6 promoter: one or more members of the C/EBP 
family of transcription &ctors, the p50 subunit of NF-kB, 
and a newly described IL-4~indudble transcription factor 
termed NF-IL4 or IL-4 NAF (46, 47). We demonstrate that 
mutation of ai^ of the sequence elements that bind these 
factors, within the context of the germline 6 promoter, abol- 
ishes or reduces induction by IL-4. A fragment containing 
binding sites for C/EBP and NF-IL4 is suffident to transfier 
IL-4 indudbility to a minimal c-fos promoter, but a frag- 
ment containing only the C/EBP consensus element or only 
the NF-IL4 element is not sufl&dent. The binding sites for 
these three (actors and their positions relative to each other 
are conserved within the human germline e promoter. Fig. 
6 A shows an alignment of the C/EBP and NF-IL4 con- 
sensus elements in the mouse and human germline e pro- 
moters. Furthermore, substitutions in the C/EBP consensus 
element of the human germline € promoter eliminate IL-4 
responsiveness (14). Effects of mutations in the NF-IL4 or 
NF-icB consensus elements of the himian promoter have not 
been tested. 

Consensus binding sites for the IL-4-indudble complex 
NF-IL4/IL-4NAF have been identified in various IL-4-in- 
dudble promoters (46, 47). Although Kohler and Rieber (46) 
demonstrated that mutation of the binding site reduced the 
IL-4 indudbility of a CD23 promoter transfected into a human 
B cell line, no evidence has been presented to indicate that 
the binding site for this fiictor by itself can transficr IL-4 re- 
sponsiveness to another promoter. 

Interestingly, binding sites for C/EBP and NF-IL4 are 
also found in the promoter for mouse germhne 7I RNA at 
about the same distance bom the first RNA initiation site 
(-122/- 108) as in the e promoter. The segment containing 
these binding sites is necessary for induction of the promoter- 
luciferase reporter plasmids by phorbol ester and IL-4 (16). 
Furthermore, both C/EBP)3 and C/EBP7 have been shown 
to bind the C/EBP site in the germline 7I promoter (17). 
Unlike the € promoter, the germline yl promoter is not in- 
duced by IL-4 alone, although IL-4 synergizes with phorbol 
ester to activate this promoter. Fig. 6 E shows that in the 
7I promoter the C/EBP and NF-IL4 elements overlap and 
have a different position relative to each other than in the 
c promoter. Switching to IgG4 in humans is indudble by 
IL-4, but the germline yA promoter and transcription start 
site have not been defined. These same two consensus ele- 
ments are present within an evolutionarily conserved region 
5' to the S74 tandem repeats, which has been postulated to 
encode the I74 exon and its promoter (41) (Fig. 6 B). Thus, 
it appears possible that the protdns that bind the C/EBP 
and NF*IL4 sites interact and function together to effect IL-4 
indudbility in all four of these promoters. Although we have 
been imable to detect a complex of these &ctors in the EN4SAs 
with oligo A, results suggestive of such an interaction are 
shown in Fig. 5. In Fig. 5 B it appears that the mt 20 A 
oligo binds Ig/EBP-1 less well than the wild-type A oligo. 
although the nucleotides mutated in this oligonucleotide do 
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not overlap the C/BBP consensus site. This suggests that 
Ig/BBP may also bind the NF-IL4 site. This is consistent 
with the finding in Fig. 5 A that oligo £, which contains 
only the C/EBP site, does not compete with the putative 
C/EBP complex formed with oligo A. 

An additional C/EBP consensus element is present at the 
start site of transcription in both the mouse e and 7I germ- 
line promoters (17) (see Fig. 6 C). Lundgren et al. (17) have 
shown that C/EBP proteins bind at this second C/EBP site 
in the 7I promoter. The second C/EBP site in the e pro- 
moter is located where an IL-4-inducible complex, termed 
STF-IL4, has been shown to bind by footprinting and by 
EMSA competition analyses (13, 50). Unlike the C/EBP sites 
located upstream in each of these promoters, no obvious con- 
sensus binding sites for NF-IL4, as previously defined (46, 
47)» are nearby. This is consistent with our finding that linker- 
scanning mutations in this region do not reduce IL-4 induc- 
ibility, although they do reduce or abolish basal activity in 
1.29^ or M12.4.1 cells, respectively. 

C/EBP/5/NF-IL6 has been demonstrated to interact (via 
its leucine zipper) with RelA (NF-icB/p65) and to syncrgisti- 
cally activate transcription when binding the IL-8 promoter. 
By contrast, NF-xB/p50, when bound to the same /cB site, 
had little or no ability to synergize with C/EBPjS (51, 52). 



We have been unable to detect binding of p65 to the xB site 
in the t promoter, although binding of p50 is readily de- 
tected. An attractive hypothesis is that induction of NF-IL-4 
by IL-4 aids the interaction between C/EBPjS and p50, thus 
creating an effective transcriptional activator involving C/ 
EBPjS, NF-KB/p50, and NF-IL4. Our data suggest that p50 
may interact with a C/EBP protein and/or vnth NF-IL4, 
since we have shown that mutation of the icB/p50 site reduces 
IL-4 responsiveness by threefold, although firagment Bi, which 
conUins the kB site but not the C/EBP or NF-IL4 sites, is 
not sufficient to transfer IL-4 inducibility to a minimal c-fos 
promoter. 

In conclusion, we have defined and characterized an IL- 
4RR in the promoter for gcrmline e RNA which is neces- 
sary for induction of the promoter by IL-4 when assayed in 
a luciferase reporter plasmid. This IL-4RR is sufficient to 
transfer IL-4 inducibiHty to another promoter as long as 
binding sites for NF-IL4 and C/EBP transcription fiurtors 
are both intact. Binding sites for these same two transcrip- 
tion £tcton are also closely spaced in promoters of other germ- 
hne transcripts inducible by IL-4. Future studies will be 
directed towards determining if these factors form a complex 
that effects IL-4 induction. 
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Note added in proof: Since the submission of our manuscript an additional report on the IL-4 response 
region of the human germline 6 promoter which is mostly consistent with our results has been published: 
Albrecht, B, S. Pdritsch, and M. Woisetschlager. 1994. A bifunctional control element in the human 
IgE germline promoter involved in repression and IL4 activation. Int. Immunol. 6:1143-1151. 

In addition, the protein IL-4 Stat, the cDNA for which has recently been cloned, appean to correspond 
to the complex we refer to as NF-IL4 in our manuscript. The reference is Hou, J., U. Schindler, W. J. 
Henzel, T. C. Ho, M. Brasseur, and S. L. McKnight. 1994. An interleukin-4-induced transcription factor: 
IL4 Stat. Science (IVash. DC). 265:1701-1706. 
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The human IgE germline promoter ^ . , . 

is regulated by interleukin-4, interleukin-13, interferon-a and mterferon-y 

via an interferon-y-activated site and its flanking regions 
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(Received 28 June 1996) - EJB 96 0960/2 

Class switching to IgE is preceded by the appearance of e germline transcripts, which are induced by 
Interleukin-4 (IL-4) and by IL-13. A 51-bp fragment of the human e germhne promoter conferred in 
reporter gene assays with the erythroleukemic cell line TF-1 upregulation of transcription by lL-4 or IL- 
13 and rVession by interferon-a (IFN-a) and IFN-y. A central IFN^y activated sequence with n tfie 51- 
bp fragment was sufficient for transcriptional regulation by the cytokmes in the absence of its nomd 
flanking regions. In contrast, deletion of either upstream or downstream sequences abolished repress on 
by IFN^a or INF-y, but not upregulation by IL-4 or IL-13. IL-4 stimulated reporter gene transcnption 
required more than ten times higher concentrations than ceil proliferation or tyrosine phosphorylauon of 
the IL-4 receptor. 

Keywords: interleukin-4; interleukin43; interferon. IgE antibody; class switching. 



Activated B-cells proliferate and develop into plasma cells, 
which produce antigen-specific antibodies. A decisive step in 
this differentiation process is antibody class switching, which 
results in the sequential expression of antibodies with the same 
antigen-specificity, but different F, parts [1). Class switching to 
particular antibody types is preceded by the production of RNA 
transcripts which are initiated from a promoter upstream of the 
actual switch site. These transcripts contain a unique start exon. 
the I exon, which is spliced to the Ch coding exons. They are 
called germline transcripts, or sterile transcripts, because they 
are apparently never translated, due to the presence of stop co- 
dons in all reading frames [1]. The production of germline tran- 
scripts is regulated by two signals, one delivered by CD40 upon 
binding to its ligand, and the other provided by cytokines, which 
regulate the specificity of switching. A well documented exam- 
ple is interleukin-4 (IL-4), which induces germline transcripts 
starting from several initiation sites downstream of the Ce pro- 
moter [1-3]. Actual switching occurs usually by looping out 
the intervening DNA sequences [4]. Germline uanscripts are 
thought to contribute to this process by regulating the accessibil- 
ity of the switch regions [1]- 

Induction of IgE synthesis is strictly dependent on stimula- 
tion by either IL-4, or the related cytokine IL-13 [2, 5, 6]. Anti- 
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patibility complex; Stat, Signal transducer and activator of transcription; 
TK. Herpes Simplex virus thymidine kinase. C/EBP, CCAAT/enhancer- 
binding protein; NF-/cB, nuclear factor \'B. 



bodies of the IgE subclass are produced in allergic diseases like 
hay fever, asthma or anaphylactic shock, and during infections 
with helminthic macroparasites. IgE molecules bind to high-af- 
finity receptors on the surface of mast-cells and basophils. Anti- 
gen binding to these mast cell-associated antibodies triggers the 
release of allergic mediators like histamine or prostaglandins. 
Therapeutic modulation of IgE production may therefore be ben- 
eficial in allergic diseases and parasitic infections. 

A number of control elements have been described in the Ce 
promoter from human and mouse [7-15]. Here we focus on a 
stretch of 51 bp with three adjacent sequences known or sus- 
pected to be involved in regulation by cytokines. We have 
J studied these elements separately or combined in the context of 
a heterologous promoter. 

The IL-4-responsive region of the Ce promoter was mvesti- 
g^.red by Ichiki et al. in a human B-cell line [9]. The region 
betv^een -157 and -96 from the most upstream transcription - 
initiation site of IgE germline transcription [14] (i.e. -215 to 
-154 from the start site used as reference by Ichiki et al. [9]) 
was necessary for IL-4-induced transcription. Mutation analysis 
located the essential region to 12-bp between -105 and -94, 
and an oligonucleotide representing this region competed for IL- 
4-induced protein binding with a larger promoter fragment. The 
12-bp sequence was designated IL-4RE, for IL-4-responsive ele- 
ment [9]. There is some similarity to the Y box from the. pro- 
moter of MHC (major histocompatibility complex) class II genes 
[16] and to the CCAAT/enhancer-binding protein (C/EBP) con- 
sensus sequence [9]. It was shown by competition experiments 
in electrophoretic mobility-shift assays that one or more mem- 
bers of the C/EBP family bind to a sequence within this IL-4RE 
in mouse B cells [14, 15]. 

Just downstream of the IL-4RE is a region which fits the 
consensus for interferon->'(IFN-y)-activated sequences, or GAS 
s^ce^ These elements were first described for IFN-7, but many 
otV:;r cytokines also signal through GAS [17, 18]. Cytokines 
induce activation of Stat proteins (signal transducers and activa- 
tor, of transcription), which form complexes and migrate to the 
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nucleus, were they bind either GAS sites, or in combination with 
nuclear factors, to ISRE (interferon-stimulated responsive ele- 
ments) [17]. IL-4 induces binding of a protein complex to the 
IgE germline promoter [10, 11. 15). The binding complex cor^- 
tains Stat6, an lL-4-responsive and IL- 13 -responsive Stat protein 
rt91 A sequence between -97 and -82, which contains the 
GAS site, was necessary for IL-4-stimulated transcription in a 
Burkitt lymphoma line, and for suppression of transcnption m 
die absence of IL-4 [13]. A single mutation withm this element 
prevented both IL-4-dependent upregulation of transcnpuon and 
IL-4-independent repression of transcription. Protein binding to 
the distal IL-4RE was constitutive and not IL-4-dependent in 

this system [13]. j a-? u » 

Downstream of the GAS site, between -77 and -62 is a 
sequence with similarity to ISRE sites [3]. It is suggesuve that 
the promoters of the y3 and y4 germUne loci in human and ot 
the e, a and y2b loci in mouse also contain potential ISRE sites 
[3] The potential ISRE in the IgE germline promoter is highly 
conserved between human and mouse. Surprisingly, a factor 
identified to bind within this region is the p50 subunit of nuclear 
factor a:B(NF->cB), rather than a protein associated with Stat sig- 
naling pathways [15]. . ' 

Other IL-4RE have been identified in different locations ot 
the mouse promoter [7. 8, 13, 20]. It is not clear whether these 
sites are involved in IL-4-induced transcription in human cells. 
We have studied various combinations of the distal IL-4RE, the 
GAS site and the potential ISRE in a heterologous reporter gene 
system The results show that the central GAS confers regulation 
by IL-4, IL-13, IFN-a and IFN-y, which is modulated and en- 
hanced by the presence of flanking sequences. ^ , ., 
Antagonistic variants of IL-4 have been created, which fail 
to signal because they cannot induce receptor dimenzation [21 
23]. We have tested whether the variants [D124]IL-4 and [0121, 
D124]lL-4 where one or two amino acids from the IL-4 signal- 
ing site have been replaced by Asp. could induce transcription 
in reporter gene assays. 

MATERIALS AND METHODS 

Cell culture, cytokines and antibodies. Cells were cultured 
in RPMI 1640 with 7% fetal calf serum, lOOU/ml pemcillm 
and 100 ug/ml streptomycin at 37''C and 5% CO,. For the 
erythroleukemic cell line TF-1. 33 ng/ml GM-CSF (granulo- 
cyte-macrophage colony stimulating factor) was added, while 
the monocytc-like histiocytic lymphoma U937 was grown with- 
out additions. Peripheral blood lymphocytes were obtained from 
lymphocyte concentrates of healthy donors by FicoU centnfuga- 
tion as described [24]. Cells (lO'/ml) were stimulated with 9 ^g/ 
ml phytohemagglutinin (Wellcome Diagnostics, Dartford, UK.) 
for four days. 



Proliferation was measured by ['H]thymidine incorporation 
[241 ' EC' values for proliferation and phosphorylation were de- 
termined from at least three independent experiments, using the 
computer program GraFit (Erithacus Software). 

Human IL 4. IL-4 variants, and GM-CSF were expressed ,n 
Escherichia coli and purified as described (25- 26]. Human IL- 
13 was a gift from Or N. Vita (Sanofi Recherche. Labege. 
France) ; human IFN-a was from Biomol and human FN-y was 
a gift from Dr B. Otto (Fraunhofer Institute for Toxicology, Han- 

"°The'^S-(?-4 receptor) mAb X14/38 was a gift of Drs R 
Reusch and W. Sebald. Wiirzburg. The horseradish peroxidase- 
coupled recombinant anti-phosphotyrosine antibody RC20 (Af- 
finity) was used for detection on western blots. • 

Northern blot analysis. Total. RN A was isolated by the gua- 
nidinium thiocyanate/phenol/chloroform method [27]. The imA 
wa electrophoresed on a 1.2% formaldehyde gel with 15 pg 
total RNA/lane. After separation the RNA was transferred to a 
positively charged nylon membrane. Following fixation under 
Slibratcd ultraviolet irradiation, the membranes were hyhndited 
'with digoxygenin-labeled probes prepared using a DNA latelmg 
kit (Boehringer). The blot was detected using alkaline phospha- 
tase-labeled anti-digoxygenin antibody and a chemiluminescent 
substrate according to the manufacturers instructions (Boeh- 
ringer. Mannheim). The application of equal RNA amounts was 
controlled by ethidium bromide staining. . _ „ 

Immunoprecipitation and Plotting. Celh were; 

stimulated for 10 min with cytokines at 37»C and 5% CO.. pel- 
S and suspended in ice-cold lysis buffer [28]. After spir^ver 
rotation (30 min) the cell lysates were centnfuged at 10^>^« 
for 10 min. Cleared supemaiants were incubated for 2 h at 4 
with the anti-(IL-4 receptor) mAb X14/38. and immune com- 
plexes were collected on protein G-Sepharose for 1 h at 4 C 
Precipitates were washed twice with lysis buffer, twice w,th salt 
buffef (0.5 M LiCl, 100 mM Tris/HCl. ^ ^-O) '^J^^j!^' 
2 min in SDS sample buffer (50 mM TnsmCl, pH 6.8. 2% SDS, 
26 mM dithiothreiiol, 10% glycerol). The samples were sub- 
iected to SOS/PAGE on 7.5% gels followed by w(»tem Blot 
. analysis with RC20 (0.1 mg/ml) using an enhanced chemilumi- 
' nescence detection system (Amersham). 

Reporter gene constructs. Promoter/enhancer constructs 
(El -E8) containing DNA sequences from the Ce promoter were 
obtained by cloning chemically synthesized 5pJUXfrflI frag- 
ments between SphUXbal sites of the vector pBLCAT5 [29]. 1 he 
following chemically synthesized oligonucleotides correspond- 
ing to regions upstream of the germline exon (Is) of *e Cfi ^an- 
script were used for plasmid constructs El - E8. Nucleotides 
of endonuclease recognition sites and spacer nucleotides be- 
tween the triplicate boxes of El and E4 are wntten m lower 



case: 



El, (-111 to -94),, 



E2, (-111 to -62) , 



E3 , (-111 to -77) , 



E4, (-98 to -80)3, 



E5, (-111 to -93) . 



E6, (-98 to -80) 



cCCGCTGTTGCTCAATCGAcCCGCTGTTGCTCAATCGAcCCGCTGTTGCTCAATCGACt 
gtacgGGCGACAACGAGrrAGCTgGGCGACAACGAGT^AGCTgGGCGACAAGG^^^ 

cCCGCTGTTGCTCAATCGACTTCCCAAGAACAGAGAGAAAAGGGAACTTCCt 
gtacgGGCGACAACGAGTOAGCTOAAGGGTTCTTGTCTCTCTTTTCCCTTGA^^ 

cCCGCTGTTGCTCAATCGACTTCCCAAGAACAGAt 
gtacgGGCGACAACGAGTTAGCTGAAGGGTTCTTGTCTagatc 

cATCGACrrCCCAAGAACAGaATCGACTTCCCAAGAACAGaATCGACTTCCCAAGAACAGt 

gtacgTAGCTGAAGGGTTCTTGTCtTAGCTGAAGGGrrCTTGTCtTAGCTO^ 

CCCCGCTGTTGCTCAATCGAC t 
gtacgGGGCGACAACGAGTTAGCTGagatc 

cATCGACTTCCCAAGAACAGt 
gtacgTAGCTGAAGGGTTCTTGTCagatc 
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fi.. cATCGACTTCCCAAGAACAGAGAGAAAAGGGAACTTCt 
E7 , (-9B to -63 ) . g^^^^^eeTGAAGGGrrCTTGTCTCTCTTTTCCCT^Gagatc 

E8 , (-77 to -63 ) , cAGAAAAGGGAACTTCt 

gtacgTCTTTTCCCTTGAAGagatc 



P. 05 



Plasmids were analysed by digestion ^^i* f 
nucleases and DNA sequencing of both strands. The constructs 
?or tSSecSon into Tf'i cells were purined by cesium chlonde 
density-gradient centrifugation. ,„™„i,«„io«l 
mnsient transfection, stimulation <*U,ramp^^^^^^^^^^^ 
actyltransperase (CAT) assays. Before t"n3fect.on^ T^^^^ 
were cultured in fresh medium without GM-CSF for 24h^f or 
deSroporation 7X10* cells in 350 nl complete medium (supp e- 
mented with 5% fetal calf serum) were mixed 30 su- 
SScoiled plasmid DNA (in SOjil lOmM Tns, 1/"^ E^TA 
pH 7 4) The transfection was performed by a single pulse (25U 
V 1200 MF, 34-39 ms) from a Eurogentec Easyject™- pulser. 
Subsequem^^^ the cells were incubated in six-well tissue culture 
platSn medium containing GM-CSF (33 ng/nd) with or with- 
out various other cytokines (10 ng/ml) for 48 h. The cell extrac^ 
were prepared by a freeze/thaw procedure. Protein was deter_ 
ISned Sording to Bradford [30] and CAT activity was assayed 
with the CAT ELISA kit from Boehringer. 



the TK promoter alone (construct E2). Addition ot ib 
U^^reased CAT expression farther by a factor of 2.5. AH plas 
mcreasec ^"v ...-.ent in various combinations 

mids contaming the GAS element m ^^.4 
showed increased transcnpuon and were ^fP""^! , ^ 
%t 3) While the complete 51-bp fragment (E2) stmiul^«^ 
W&s overall trancription, a construct j^^^J.^^f J^"^^^ 
GAS elemem (E4) showed the highest ind^^^^^^ 
which uptegulated transcription by a factor of four (H,. V- 



RESULTS 

To investigate the IL-4-responsive region of *e hum^ 
promoter, we have coupled a synthetic 51-bp fragment to the 



^RE » GAS 'S«E , V 

t.T».r. .£S^T5nG CTC>»kTCG.drTCCCAA^ 



C/EBP 



Fig. 1. IL.4.responsive region of the human IgE germline primoter, 
torated betweer-120 and -60 upstream of the most upstream tran- 
SXnaSation site [14]. Three moUfs of in«rest - weU ^ 
sites for ihe tKmscription factors C/EBP, Stat6 and NF-KB/p50 

An exchange 'of residue -91 abolishes '^ .4 -po|«.veness. 
as shown by Albrechi el al. [14]. References are provided m the text. 



Ulcb - 



rL-4Ra 



7C 



Fig 2. IL-4R« and >x expression in TF-1 cdls as detennin^^ by 
nifrthern blotting. Phytohemaggludnm surnulaied T-cells and 
monocytic cell line U937 are shown as controls. 
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pBLCATS 



S^}® 



&t 



iSREttTK 




6 8 



10 12 14 16 18 

Induction (-fold) 



20 22 24 



i*rc I -F8^ couoled to the TK minimal promoter 

Fi. 3 Promoter-enhancer construct acUviUes. A schenuiiic map of promoter-enhancer co^ „;„ fcction experiments with TF-1 cells. 

f;thoinrtt";^rcXns to the right represent CATa« cyto^ne. THe data shown are average. 
Values shown are .v-fold induction compared w.th the acnv.iy ^"^^^ \±2<tU 
of 3-6 independem experiments. Error bats indicate a 95% confidence interval I- ^ 
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IL-4 induced little or no upregulation for the isolated IL- 
4RE (E5) or a trimeric construct (El). The ISRE on its own (E8) 
had only a small effect, but in combination with the OAb 
element (E7) it stimulated a more than twofold upregulaUon ot 
transcription. No constitutive repressor activities were detected, 
as none of the constructs had a lower transcriptional activity 
than the TK promoter alone. 

The IL-4 antagonist [D124]IL-4 had a bairely significant ac- 
tivity in the assay and [D121, D124]IL-4 had no effect at al 
with construct E2 (Fig. 4). IL-13 stimulated the E2 construct 
comparably to IL-4, while IFN-o and IFN-y inhibited the IL-4- 
dependem increase of transcription, and by themselves downreg- 
ulated transcription below the level found in the absence of any 
cytokine {Fiz. 4). IL-4 could largely alleviate the suppression ^by 
IFN-K but vJas much less efficient for counterregulating the ef- 
fects of IFN-v- Even a tenfold higher concentration of IL-4 was 
not sufficient to completely relieve the suppression mduced by 
IFN-r (data not shown). 

To investigate the role of the central GAS element and its 
nanking regions for the regulation by lL-4, IL-13. lFN-« and 



IFN-y, constructs E3, E6 and E7 were tested with *esejyio^ 
kines Due to the possible binding of IFN-activatcd Stat factoid 
to the potential ISRE site, construct E8 was studied as well 

isolated GAS element (E6) was sufficient for regula- 
tion by all four cytokines, but the ^^^ponses were generally 
weake? than for construct E2. If either 1^-4^ (E3)^^ 
the ISRE (E7) were combined with the GAS element, IL^ 
* d E 13 and were equally or sligthly more efficient than with 

Thawed aTerp?si.Sv:%J2.t withTL-4 and a weak repression 

The concentration dependence for the stimulating effect of 
IL-4 was tested with construct E2. IL-4 
gene expression with an EC'" of 250 pM (Fig. 5 A). The EC 
for IL-4-induced reporter gene activation did not correspond to 
[he EC-7or lL-4-stimulated proliferation (Fig. 5 A) or tyrosine 
phosphorylation of IL^R« (Fig. 5 A. B), which were both 
15 pM. 
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Fig. 5. Concentration dependence of effects of IL-4. (A) lL-4-induced 
cell proliferation (O), tyrosine phosphorylation of IL-4Ra (•) and CAT 
expression regulated by the E2 reporter gene construct (A), m relation 
to IL-4 concentration. The EC^ for proliferation was 15 pM, the EC'*' 
for reporter gene activity was 250 pM. (B) Tyrosine phosphorylation of 
IL-4Ra at various IL-4 concentrations. The EC^ of this response was 
15 pM, as indicated in Fig. 5 A. 



DISCUSSION 

The lL-4 receptor is a heterodimer of two members of the 
cytokine receptor superfamily, IL-4Ra and yc. However, some 
cell types lacking yc respond to IL-4, and others are not affected 
by inhibitory anti-yc antibodies (for review see [32]). Apparently 
these cells have a second type of IL-4 receptor, consisting of IL- 
4Ra and at least one unidentified subunit. It was shown by cross- 
linking that yc is a part of the IL-4 receptor complex in TF-1 
cells [33], but considering the low level of yc transcripts found 
in northern blots, alternative forms of the IL-4 receptor could 
also be present. Because yc-knockout mice are unable to produce 
IgE [34, 35], B-cells seem to use the IL-^Ra/yc type of IL-4 
receptor to signal Ce induction. 

Previously, e germline transcription has been investigated in 
various types of B-cells [9, 14, 15], and in the monocytic cell 
lines U937 andTHP-1 [10, 11]. We have used the erythroleuke- 
mia line TF-1, because it responds to many cytokines, including 
IL-4 and IL-13 [28, 31]. The factors required for induction of 
germline transcripts seem to be rather widely expressed outside 
of the B lineage. Al! constructs tested showed an enhanced, con- 
stitutive expression in the absence of cytokines. Most efficient 
was construct E2, where transcription was tenfold higher than 
with the original vector pBLCAT5. This basal activity may be 
<Jue to an enhancer activity of the inserted DNA fragments, or 
to the presence of constitutively active transcription factors in 
these cells. 

There is a potential SPl site in the human Ce promoter just 
downstream of the region investigated here [9]. IL-4-inducible 
nucleoprotein complexes similar to those which bind to an IL- 
4RE at the MHC A,, locus bind at the initiation site of e tran- 
scription in the mouse [8], and upstream of the region investi- 
gated here |7]. in addition, the transcription factor BSAP (B- 



cell-specific activator protein), which binds to several other sites 
in heavy^hain switch regions [1], binds just upstream of the 
first initiation site for e transcripts in the mouse [8, 20]. A region 
containing the BSAP binding site is sufficient for induction of 
transcription by CD40, but ineffective for stimulation by IL-4 
[361- All these sequences were lacking in our constructs and are 
therefore not strictly required for IL-4-induced transcription. 

IL-4 induces binding of a Stat factor to another GAS site of 
the IgE germline promoter in the mouse [13], but this element 
is about 120 bp downstream of the GAS site which is critical for 
IL-4-mediated activation of germline transcription. In the human 
system, protein binding to the upstream GAS is induced by IL- 
4 [10, 11] and by IL-13 [37]. The element has the consensus 
sequence TTN^AA for binding of IL-4 induced Stat complexes, 
which contain Stat6 [18, 38]. Transgenic mice lacking a func- 
tional State gene are unable to produce IgE [39-41]. 

Stepwise truncations have revealed that a sequence contam- 
ing GAS is required for IL-4-induced transcription in the human 
Ce promoter, and has suppressor activity in the absence of IL-4 
[14]. Both functions are destroyed by a single mutation within 
the inverted GAA repeat known to be essential for Stat binding 
(14. 17, 18]. GAS is therefore necessary, but a role for down- 
stream sequences cannot be discounted. 

We found that the GAS element alone was sufficient for IL- 
4-induced upregulation, but the best responses were obtained 
with a fragment that contained both upstream and downstream 
sequences. None of our constructs had factor-independent re- 
pressor activity. The repressor function of GAS which was iden- 
tified by Albrecht el al. [14] seems to require interactions with 
seouences downstream of -61, which were not present in any 
of our constructs. The importance of the GAS box was under- 
scrced by a construct with three copies of GAS, which showed 
particularly increased transcription in the presence of IL-4. Sim- 
ilar results were reported using a reporter gene construct con- 
taining four copies of the human Ce GAS element in the cervical 
icarcinoma line ME-180 [38]. 

. In intact cells, the Stat factors binding to GAS may interact 
both with C/EBP proteins and NF-AwB/p50, which bind within 
the Ce promoter close to the GAS site [15, 42]. Factors from the 
NF-kB and C/EBP families can productively interact to regulate 
gene transcription [43], and it has recently been shown that mice 
lacking a functional NF-zcB/pSO gene are severly impaired in 
their synthesis of sterile e transcripts and IgE antibodies [44]. 
Delphin and Stavnezer have suggested that the IL-4-responsive 
region of the murine Ce promoter binds simultaneously a Stat6- 
containing complex, one or more C/EBP factors and NF-/cB/ 
p50, and that the different factors interact with each other to 
regulate transcription [42]. The results presented here support a 
mmlar model for the human Ce promoter. In experiments with 
isolated elements from the murine Ce promoter, both the C/EBP- 
binding site and the GAS sequence were required for respon- 
siveness to IL-4 [42]. In our experimental system, and in studies 
with truncated murine Ce promoter constructs by Rothman ei 
ai. [8], C/EBP was not required for regulation by IL-4. These 
discrepancies may be due to the different cell types used. 
• IFN-y represses IL-4-induced germline transcription in a re- 
porter gene assay with a 179-bp fragment of the IgE germline 
promoter in mouse B cells [12]. We have located the effect of 
IFN-y to a 51-bp fragment which contains the GAS site. The 
same sequence was sufficient to mediate repression by IFN-a. 
which was found here to inhibit IL-4-induced transcription from 
the Ce promoter fragment. Both factors suppressed transcription 
in the absence of IL-4 to a cqmparable extent, but IL-4 was 
more efficient in alleviating the effects of IFN-a, which indicates 
that IFN-y and IFN-c are not interchangeable for the regulation 
of IsjE class switching- Both interferons can also suppress tran- 
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scripiion via the GAS element without its flanking regions, so 
this GAS seems to be a minimal responsive element for IFN-a 
and IFN-y in the Is promoter. 

Repression by IFN-a and IFN-y, but not upregulation by IL- 
4 and IL-13, is eliminated in constructs where only one of the 
flanking binding sites has been deleted, so inierferon-stimulaied 
Stat factors seem to be more dependent on interaction with other 
transcription factors at this site than IL-4/IL-13 induced Stat6 
complexes. Stat complexes induced by IL-4 and IFN-y are usu- 
ally defined by different spacer lengths between the inverted 
GAA repeat [18, 38], but it has also been observed that Stat 
complexes activated by IL-4 or IFN-y compete with each other 
for binding to shared response elements in the promoters for 
human CD23b and CD64 [45]. These complexes migrate on 
electrophoretic mobility-shift assays with different mobilities, 
and their exact composition is not known [45]. Competition be- 
tween different transcription-factor complexes binding to the 
same DNA site is also likely to be involved in C€ promoter 
regulation. 

Both the potential ISRE and the IL-4RE enhanced factor- 
independent transcription in our experiments, similar to results 
from another study [14]. The potential ISRE conferred a small 
positive response to IL-4, but IL-4RE alone was, despite its 
name, ineffective. This contradicts a previous report [9], a result 
which may be due to different cellular backgrounds. It is not 
clear how essential the human IL-4RE region outside of the CI 
EBP binding site is for regulation of germline transcription, be- 
cause the similarity to the corresponding region in the mouse is 
relatively low [9]. 

Antagonistic mutant proteins of IL-4 fail to stimulate cellular 
responses, including T-cell proliferation and upregulation of 
CD23 by human B-cells [21-23]. [D121, D124]IL-4, a com- 
plete IL-4 antagonist, failed to induce transcription form the E2 
construct as expected. (D124]IL-4, which has a small residual 
activity in CD23 induction assays [22] was also a partial agonist 
for induction of E2 transcription. 

Induction of Ce reporter gene transcription is a low-affmity 
reaction, compared with receptor phosphorylation and prolifera- 
tion in TF-l cells. Several signaling pathways originate from the 
IL-4-receptor complex [32], which can by this means stimulate 
different sets of reactions depending on the IL-4 concentration 
present. Reporter gene systems like the one used here can help 
to unravel these complex cellular reactions. 
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